A novel series of bis(1,3,4-thiadiazole) derivatives were synthesized in one step methodology with good yields by condensation reaction between bis-hydrazonoyl chloride 1 and various reagents. The structures of the prepared compounds were confirmed by spectral data (IR, NMR, and MS), and elemental analysis. The anticancer activity against human breast carcinoma (MCF-7) cancer cell lines was evaluated in MTT assay. The results revealed that the bis-thiadiazole derivatives 5c,d, 7b,c and 9c had higher antitumor activity than the standard drug Imatinib.
Introduction
Many compounds having a 1,3,4-thiadiazole ring in their skeleton are capable of versatile pharmacological activities [1] . Also, thiadiazoles have been introduced as anticonvulsant [2] , anti-parkinsonism [3] , anti-histaminic [4] and anti-asthmatic [5] , antitumor [6, 7] , analgesic [8] , antimicrobial [9, 10] , and antitubercular [11] [12] [13] agents. Additionally, many drugs containing a 1,3,4-thiadiazole ring are available in the market, such as the carbonic anhydrase inhibitors Acetazolamide and Methazolamide (Figure 1 ).
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Results and Discussion

Chemistry
A mixture of bis-hydrazonoyl chloride 1 [24] and the appropriate methyl arylidene dithiocarbamate 2 [25] [26] [27] [28] was stirred at room temperature for 30 min to afford the corresponding bis (1,3,4-thiadiazole) derivative 5 (Scheme 1). These reactions were assumed to start in each case, via S-alkylation with the elimination of two hydrochloric molecules, to afford the non-isolable bis-alkylated intermediate 3, which underwent intramolecular Michael-type addition to give intermediate 4. Elimination of two methanethiol molecules from 4 gave the final product 5. The structures of the synthesized products 5a-d were elucidated based on their spectral (IR, MS, 1 H-and 13 C-NMR) and elemental analyses Their IR spectra showed, in each case, an absorption band in the region 1708-1733 cm −1 due to the carbonyl of the ester group. Also, their 1 H-NMR spectrum exhibited a triplet signals in the region δ 1.29-1.32 and a quartet signals in the region δ 4.34-4.35 due to CH2 and CH2 protons of the ethoxy groups, in addition to the aromatic signals. The mass spectra of the compounds 5a-d showed, in each case, a peak due to their molecular ions. 
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Pharmacology
Biological Screening of the Synthesized Bis-thiadiazoles for Their Cytotoxic Activity
The in vitro growth inhibitory rates (%) and inhibitory growth activity (as measured by IC50) of the newly synthesized bis-thiadiazoles were determined against human breast carcinoma cell line (MCF-7) in comparison with the well-known anticancer standard drugs doxorubicin and Imatinib (Gleevec ® ), using MTT viability assay. Data generated were used to plot a dose-response curve with which the concentration (μM) of test compounds required to kill 50% of the cell population (IC50) was determined. Cytotoxic activity was expressed as the mean IC50 of three independent experiments. The difference between inhibitory activities of all bis-thiadiazoles with different concentrations was statistically significant p < 0.001. Table 1 shows the antitumor activities of the tested bis-thiadiazoles compared with reference standard drugs evaluated using MTT assay on breast cancer cell line (MCF-7).
The previous results lead to the following conclusions.
• The bis-thiadiazole derivatives 5c,d, 7b,c and 9b had higher antitumor activity than the standard drug Imatinib.
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The bis-thiadiazole derivatives 5a,b and 9a have moderate activity.
The bis-thiadiazole derivative 7a has poor antitumor activity against human breast carcinoma cell line (MCF-7).
The heterocyclic rings such as pyridine in 7c, thiophene in 5c, furan in 5d, 7b and indole in 9b are necessary to have the higher antitumor activity. • The bis-thiadiazole derivative 7a has poor antitumor activity against human breast carcinoma cell line (MCF-7).
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Materials and Methods
Chemistry
General
Measurements of the melting points were carried out on Electrothermal IA 9000 series digital melting point apparatus (Bibby Sci. Lim. Stone, Staffordshire, UK). The IR spectra were recorded in potassium bromide discs on a Pye Unicam SP 3300 and Shimadzu FT-IR 8101 PC infrared spectrophotometer (Shimadzu, Tokyo, Japan). 1 H-NMR and 13 C-NMR spectra were measured in deuterated dimethyl sulfoxide (DMSO-d6) using a Varian Gemini 300 NMR spectrometer (Varian, Inc., Karlsruhe, Germany). Mass spectra were recorded on a Shimadzu GCMS-QP1000 EX mass spectrometer (Tokyo, Japan) at 70 eV. Measurements of the elemental analysis were carried out at the Microanalytical Centre of Cairo University, Giza, Egypt. All reactions were followed by TLC (Silica gel, Merck, Kenilworth, NJ, USA). The biological evaluation of the products was carried out at the Regional Center for Mycology and Biotechnology at Al-Azhar University, Cairo, Egypt. Bis-hydrazonoyl chloride 1 [24] and the methyl arylidene dithiocarbamate 2, 6, 8 [25] [26] [27] [28] were prepared as described in the literature. corresponding products 5a-d, 7a-c and 9a,b, respectively. (5-(benzylidenehydrazono)-4,5-dihydro-1,3,4-thiadiazole-2-carboxylate) (5a) . • The bis-thiadiazole derivative 7a has poor antitumor activity against human breast carcinoma cell line (MCF-7).
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Synthesis of 1,3,4-Thiadiazoline Derivatives 5a-d, 7a-c and 9a,b
Triethylamine (0.14 mL, 2 mmol) was added dropwise with stirring to a mixture of bis-hydrazonoyl chloride 1 (0.451 g, 1 mmol) and the appropriate methyl arylidene dithiocarbamate 2a-d, 6a-c and 8a,b (2 mmol) in ethanol (20 mL) for 30 min. The resulting solid product was collected and recrystallized from DMF to give the corresponding products 5a-d, 7a-c and 9a,b, respectively. • The bis-thiadiazole derivative 7a has poor antitumor activity against human breast carcinoma cell line (MCF-7).
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